The Healthy Life Years Lost Methodology (HLYL) is introduced to model and estimate the Health Expenditure in Japan in 2011. The HLYL theory and estimation methods are presented in our books in the Springer Series on Demographic Methods and Population Analysis vol.
Introduction
Life Tables have dominated the quantitative and qualitative demography issues for the last 4 centuries. Following the works of John Graunt (1676) and Edmond Halley (1693) , life tables became the standard measure of several demographic parameters. Later on, models as the Gompertz (1825) and Makeham (1860) came to support and straighten the use of mortality models in demography and insurance while giving rise to various approaches and studies in probability and statistics.
However, a further exploration of the hidden properties and functions in the classical life tables is needed. It was already demonstrated in several publications in the last decades and more recently with few publications (see Janssen and Skiadas (1995) , Skiadas, C.H. and Skiadas, C. (2010 , 2015 ), Skiadas and Arezzo (2018) , Strehler & Mildvan (1960) , Sullivan (1966 Sullivan ( , 1971 , Torrance (1976) , Chia. and Peng Loh (2018) ). The main task was the use of appropriate transformations in the life tables in order to extract valuable information. To this end, the estimation of the life years lost to disabilities and health deterioration is of particular importance. Our works on estimating this important period of the life time are in parallel to the other approaches developed under the Global Burden of Disease (GBD) terminology (WHO, 2014) . The latter is a very complicated and heavy international methodology important to estimate the impact of every particular kind of disease and disability on the health state of the population and consequently on the health expenditure in a country. The results are produced as Healthy Life Years Lost (HLYL) or as the estimated Healthy Life Expectancy (HLE) that is the Life Expectancy (LE) minus the HLYL. The GBD results regarding the particular kind of diseases and disabilities are the most important part of these studies. A complicated methodology weights and interconnects the particular kinds of disabilities and diseases in a final number for the HLE provided by agencies as the World Health Organization (WHO) as HALE and health statistical bureaus under several terminologies. Following our estimates, the HLYL can be found directly from the life tables with a relative simple methodology presented in recent publications (Skiadas & Skiadas (2018 a,b,c,d ). The method is based on developing a Survival vs Mortality diagram and do direct estimates based on mx or qx as termed in the well-developed life tables of the Human Mortality Database (HMD). To further straighten the validity and importance of this methodology we also have provided a parallel HLYL estimates based on the Gompertz (1825) and Weibull (1951) models. A brief presentation of the related methodology is presented here.
The main task of this paper is to explore on how the healthy life years lost estimated can be used to calculate the Health Expenditure in a Country. Clearly the up to now estimates of life expectancy, healthy life expectancy and healthy life years lost are not easily applied to the health expenditure calculations. Instead our approach of the HLYL estimates is directly used in the health expenditure calculations as we present in the following. The simplest form to express mortality mx in a population at age x is by estimating the fraction Death(D)/Population(P) that is mx=D/P. Accordingly the above graph is formulated with mx as the blue exponential curve whereas the horizontal axis express years of age. The main forms of Life Tables start with mx and in the following estimate qx and the survival forms of the population. This methodology leads to the estimation of a probability measure termed as life expectancy at age x or life expectancy at birth when considering the total life time. There are several differences between the graph with the survival space above and the survival curves methodology. First of all, the vertical axis in the Survival-Mortality Space (SMS) diagram is the probability mx. Instead in the survival diagram the vertical axis represent population (usually it starts from 100.000 in most life tables and gradually slow down until the end). By the SMS diagram we have probability spaces for both survival and mortality. For the age x the total space is (ABCOA) in the SMS diagrams that is (OC)x(OA)=x.mx. The mortality space (ODBCO) is the sum S(mx) and the survival space is (x.mx-S(mx)). Accordingly, the important measure of the Health State is simply the fraction (ABDOA)/(BCODB). This is to provide the form FHM*=(x.mx-S(mx))/S(mx)=x.mx/S(mx)-1. Simpler is to prefer the fraction FHM=(ABCOA)/(BCODB)=x.mx/S(mx) that will be also estimated from mx for every age x of the population.
The HLYL Estimation Method
The FHM is calculated by:
Note that a similar approach based on qx estimates in a life table can be estimated with the following formula:
In both cases the parameter λ has to be estimated. In the majority of applications λ=1 provides quite good results.
Both estimates are presented in the following figure 2 obtained from the Japan 2011 Extended Full Life Table (see also figure 7 ). Both methods show similar results until 70 years of age and then the mx estimates give higher values than the qx. In both cases a maximum is reached in the area from 95 -100 years of age followed by a decline in the remaining years. The estimated HLYL are 10.1 years for the mx based estimate and 9.5 years for the qx based estimate. As the life expectancy at birth for Japan 2011 is 82.7 years of age, the estimates for the health life expectancy are 72.6 and 73.2 years of age for the estimates based on mx and qx respectively. In the related figure 2 the healthy years lost estimated with the Healthy Life Expectancy method are also presented with a cyan line. The latter is mainly a smoothing like presentation of the HLYL estimates from mx and qx. The Health/Mortality fraction has an increasing form for the main part of the lifetime until a maximum and then a decline. The fraction for Japan 2011 is similar until 70 years of age for both estimates from mx or qx. The very important point here is that the maximum points correspond to the maximum years of age lost to disability. We can easily observe this important future by considering a linear form for mortality mx=ax. This is the simplest case of drawing a linear line from O to B in the graph above. The resulting fraction is 2 whereas is 1 if we select the fraction (ABDOA)/(BCODB). Following the previous discussion, the healthy life years lost to disability (HLYL) are 1 with the last notation and 2 when considering the total space vs the mortality space. The latter higher by 1 from the simple fraction provides results similar to those estimated by the World Health Organization. After that, the only we have is to remove this estimate from the life expectancy at birth to find the Healthy Life Expectancy.
Using the 2011 Life Table data-set for both (male and female) from the Japan official website we found the following Table of the estimates. Included are the estimates from the Gompertz and Weibull models following our methodology presented in our books. From the same reference are also the direct estimates based on mx and qx provided from the life table. The healthy life years lost per year of age and the healthy life expectancy are also included. The full life table with estimates is presented in the end of this paper in Figure 7 . The results obtained are from the Full Life Table for Japan. The related for the Abridged Life Table for 2011 are included in the following Table. 3
. Modeling of the Health Expenditure in Japan, 2011
The results from two methods are similar. The abridged life tables are more useful as the provided health expenditure data for several countries follow an abridged life table population group schedule with estimates of five-year age groups. This is presented in the following figure 4 Extended Life Table for Japan 2011 along with the health expenditure estimates and comparisons with the real life data sets. We recall that the FHM in Figure 4 is calculated by:
Japan Life The estimates are based on the FHM multiplied by a parameter k (orange color) that is FHM=kx(mx)/sum(m1:mx). This parameter k=28.723 is estimated by a regression analysis so that to minimize the sum of squared errors between the data and the estimates. The first estimate for the mx* (green color) is selected from the data sets following the formula:
where D1=223, Min(Data)=68 is the minimum data point and n=21 is the number of data points. The other points of the fifth column are equal to those provided for mx (column three). The sixth column includes the estimates based on FHM theory. Note that the formula for FHM takes the form:
Where x is provided from column 4 in Figure 4 .
The application to Japan 2011 showed that the FHM was a good approach. We have estimated the model with R 2 =0.943. The standard error is se=25.04 corresponding to 5.7% of the mean of the data set.
Clearly our method indicates that there is no need to try to find any special model and estimate the parameters as all the needed data and modeling are included into the life tables. The only we have is to search further to find the hidden forms, to extract them and apply. In figure 5 we present the first estimate of the FHM done in the figure 4 life table followed by a move-up to the minimum level of the health expenditure data provided for Japan 2011. The Life Expectancy is 82.71 years according to the abridged life table for Japan in 2011 and the HLYL is 9.81 years of age. The estimated HLE is 72.90 years (Note that the HLE is higher when estimating with the qx method). Following the last graph, the health expenditure should be very low in the age interval from 5 to 15 years of age. However, the Health Systems have a minimum spending to be taken into account corresponding to an up movement of the FHM curve that is estimated in the Japan 2011 case to account at 5.68% of the maximum health expenditure per capita. The estimates for the health expenditure in Japan in 2011 in 1000s of Yen are illustrated in Figure 6 . Clustered columns represent the data sets in Japan currency and the cyan curve our estimates. The statistics for these estimates are already referred earlier obtained from the extended life table presented in figure 4 . The approach provided verifies to applicability and importance of our theory and the methodological and applied tools provided.
Conclusions and Further Study
We have developed an easy to apply methodology and designed expanded life tables to estimate the health expenditure in a country based on the Life Tables of this country. The application in Japan is quite promising that analogous studies will be possible for other countries thus supporting the decision makers and Health Agencies to develop effective strategies to better allocate the existing funds and further to make better predictions of the future health trends. A project is in progress on estimating the Health Expenditure in a Country by using the health state methodology. This application in Japan is in the framework of this project. Further applications in 20 countries are in the last estimation stages. Related programs and supporting tools are available upon request. 
